OBJECTIVES-Assess whether adolescent health risk behaviors cluster, and whether resiliency factors are associated with observed clusters.
INTRODUCTION
Tobacco use, alcohol consumption, physical inactivity and poor diet contribute to 38% of deaths annually in the Unites States (Mokdad et al., 2004) , and together they reduce life expectancy substantially (Khaw et al., 2008) . These health risk behaviors sometimes co-occur (Rosal et al., 2001 , Laaksonen et al., 2001 . Chronic diseases risk increases with an increasing number of these behaviors (Berkman and Breslow, 1983, Knoops et al., 2004) , which may act synergistically to yield greater health risks than sums of risks individually (Meng et al., 1999) . As such, the study of chronic disease risk and prevention requires going beyond single behavioral risk factor approaches to examining contributions of multiple behaviors in concert (Nigg et al., 2002) .
Research on co-occurrence of health risk behaviors has primarily focused on adults (Berrigan et al., 2003 , Patterson et al., 1994 , Fine et al., 2004 , Burke et al., 1997 , Galan et al., 2006 . The limited research in adolescents suggests that these health risk behaviors tended to cluster, that clusters differed based on gender, and that older age and depressiveness increased the risk of being in unhealthful clusters (Lowry et al., 1996 , Lytle et al., 1995 , Pronk et al., 2004 . Because poor health habits during adolescence lead to poor health habits during adulthood (Kemper et al., 1990) and can impact chronic disease risk, more research in adolescents is needed to understand how health risk behaviors cluster and the role of contributing factors. We extend this literature by examining a diverse population-based sample to identify health risk behavior clusters, their socio-demographic correlates, and the role of resiliency factors.
A resiliency approach provides a conceptual framework for understanding why some youth exposed to threats to their well-being do not exhibit the negative outcomes typically associated with those threats (Luthar et al., 2006) . In contemporary society, adolescents are exposed to numerous negative influences that can powerfully shape their health behavior choices (Brown and Witherspoon, 2002) . Personal and family assets that contribute to adolescent resiliency (Sharkey et al., 2008) can foster healthier lifestyles by mitigating the effect of these influences (Rew and Horner, 2003) .
We examined supportive parenting, parental supervision and adult role models because they are known to bolster adolescent resiliency (Gramezy and Rutter, 1983, Zimmerman et al., 2002) . Supportive parenting and parental supervision are essential to adolescent development (Compas et al., 1995) , and may protect against smoking (Nowlin and Colder, 2007) and drinking (Petrie et al., 2007 , Cohen, 1994 #71, Steinberg, 1994 . Positive role models have numerous benefits to adolescents including promotion of healthful lifestyles (Beier et al., 2000 , Yancey et al., 2002 , Jessor et al., 1998 . Additionally, adolescent mental health, an important aspect of resilience (Dumont and Provost, 1999) , reduces risk of smoking (Nezami et al., 2005 , Patton et al., 1998 , alcohol use (Goodman and Huang, 2002) , and physical inactivity (Goodman et al., 2003 , Fulkerson et al., 2004 .
In this study, we identified gender-specific clusters of adolescent health risk behaviors (smoking, alcohol use, physical inactivity and low fruit/vegetable consumption), and assessed the role of parenting, role model presence and adolescent depressive symptoms. Genderspecific analysis was done because gender differences exist in the uptake of health risk behaviors (Lytle et al., 1995) , in the development of parental relationships (Compas et al., 1995) , and the experience of depressive symptoms (Piccinelli and Wilkinson, 2000) .
METHODS

Sample
We used the adolescent subsample (N=4010) of the population-based 2003 California Health Interview Survey (CHIS), a large multistage cross-sectional random-digit-dial telephone survey with a screener cooperation rate of 55.9%, and interview completion rate of 60.0%. Respondents were instructed to find a private location to answer questions comfortably and openly, and to use their telephone touchpad, if needed, to key in responses. When asked after the interview if a parent was listening in, 90.7% said no. Further details about the survey procedures are in the CHIS methodology documentation (CHIS, 2005) . Table 1 shows genderspecific sample characteristics.
Measures
Current smoking was defined as responses of one or more days to "In the past 30 days, on how many days did you smoke cigarettes?" (Yach et al., 2002) Current alcohol use was defined as responses of one or more to "If we consider one drink to be a can or bottle of beer, a glass of wine, a shot of liquor, or one mixed drink, on how many days in the past 30 days did you have at least one drink of alcohol?" (Pemberton et al., 2008) Fruit/vegetable consumption was measured using responses to: "Yesterday, how many servings of fruit … did you eat?" and "… how many servings of vegetables did you eat?" Less than five combined servings of fruits and vegetables was defined as low consumption (Kann et al., 1995) . Meeting the Surgeon General's physical activity recommendations was assessed from responses to "On how many of the past 7 days did you do 20 minutes of physical activity that made you sweat and breathe hard" (vigorous activity) and "On how many of the past 7 days did you do any physical activity for at least half an hour that did not make you sweat or breathe hard" (moderate activity) (Yore et al., 2007) . We valued 1 vigorous activity day at 33% of the Surgeon General's recommendation and 1 moderate activity day at 20% of the recommendation. Sums below 100% were defined as low levels of physical activity (Evenson and McGinn, 2005) .
Parental supervision was assessed using 3 questions (Steinberg et al., 1992) .81), we used factor analysis with varimax rotation to compute summary scores. Role model presence was defined as a "Yes" response to "Is there a person you know or have read about that you admire and would want to be like?" Depressiveness was measured with the 7-item Center for Epidemiology Studies-Depression Scale, which has shown good face and construct validity (Huba and Melchior, 1995) as well as internal consistency in our sample (alpha=0.77). Items were about feeling depressed, happy, lonely, sad, whether life is a failure, and persistent unhappiness. Responses were on a 4-point Likert-type scale ranging from "Rarely or none of the time (0)" to "Most or all of the time (3)," which were summed.
Study covariates included age, race/ethnicity (Hispanic/Latino, Asian, African American, white, other), citizenship status, years lived in the United States, federal poverty level (0-99%, 100-199%, 200-299%, 300% and above), parental education (less than high school, high school, more than high school), parental marital status, and whether a parent listened in during interview.
Analysis
First, gender-specific descriptive statistics were produced for study variables. Second, genderspecific clusters were constructed based on the four health risk behaviors. We used the Jaccard binary similarity method (Jaccard, 1912) , a non-hierarchical approach that identifies like observations to produce clusters of greatest possible distinction. The STATA 9.2 Jaccard kmeans clustering procedure for binary data was used. We limited the number of clusters to 4 in order to balance size with homogeneity within clusters. Third, we described the distribution of health risk behaviors within each gender-specific cluster. Fourth, we used the Fisher's exact test to assess statistically significant gender differences in clusters. Fifth, we used multiple variable regression to estimate the association of each health risk behavior (logistic regression) and cluster (multinomial regression: most healthful cluster used as the referent category) with resiliency factors while controlling for study covariates.
Statistical analysis was conducted using STATA 9.2. Results were adjusted for the survey sampling design, and weighted to represent California adolescents. Table 1 shows that females were more depressed on average (p<0.001), reported greater parental supervision (p<0.01), and a greater proportion reported low physical activity than males (29.8% versus 22.9%, p<0.001).
RESULTS
Gender-specific health risk behavior clusters ranged from the most healthful (Cluster 1 -"Salutary Adherents") to the least healthful cluster (Cluster 4 -"Risk Takers"), with "Salutary Adherents" reporting none of the health risk behaviors (Table 2) . For both genders, Cluster 2 ("Active Snackers") represented active, low fruit/vegetable consumers; Cluster 3 ("Sedentary Snackers") represented physically inactive adolescents, many of whom were low fruit/ vegetable consumers with some alcohol users and smokers; and Cluster 4 ("Risk Takers") represented smokers and alcohol users with a large proportion of low fruit/vegetable consumers and some reporting low physical activity (Table 2) . Except for the "Salutary Adherents" cluster (p=0.57), the other clusters differed according to gender (ps<0.01). Some male but no female "Active Snackers" used alcohol (14.5% vs. 0%, p<0.001); and a greater proportion of male "Risk Takers" were current smokers (60.1% vs. 26.9%, p<0.001) while a smaller percentage were physically inactive (16.7% vs. 33.3%, p=0.001) and had low fruit/vegetable consumption (48.3% vs. 78.8%, p=0.04).
Resiliency factors showed similar patterns of associations with individual health risk behaviors for both gender ( The clusters differed based on socio-demographics (Table 4 ). Compared to White males, Latino, Asian and African American males were at greater odds of being "Sedentary Snackers" (ps≤0.05). African American females were at higher odds of being either "Active Snackers" (OR=2.94, 95%CI=1.35, 6.40) or "Sedentary Snackers" (OR=3.85, 95%CI=1.73, 8.58) than White females. Males from lower-income compared to higher income households were at lower odds of being "Active Snackers" (ps≤0.010), while females from single-parent households were at increased odds of being "Risk Takers" (OR=2.25, 95%CI=1.33, 3.80).
The results regarding resiliency factors showed that, in males, parental supervision was associated with lower odds of being in unhealthful clusters (ps≤0.05), but in females it was only associated with being a "Risk Taker" (OR=0.30, 95%CI=0.19, 0.44). For males, parental support was associated with lower odds of being an "Active Snacker" (OR=0.79, 95%CI=0.63, 1.00) or "Sedentary Snacker" (OR=0.74, 95%CI=0.57, 0.96). In females, role model presence was associated with lower odds of being in the 3 unhealthful clusters (ps≤0.05), but in males it was only associated with lower odds of being a "Sedentary Snacker" (OR=0.54, 95%CI=0.35, 0.82). Depressiveness was associated with increased odds of being in unhealthful clusters for females (ps≤0.05), but in males it only associated with being an "Active Snacker" (OR=0.69, 95%CI=0.50, 0.96).
DISCUSSION
Consistent with the literature (Brener and Collins, 1998 , Lowry et al., 1996 , Lytle et al., 1995 , Pronk et al., 2004 , Zweig et al., 2001 , health risk behaviors tended to co-occur with about 29% of males and 40% of females in the two least healthful lifestyles clusters. Physical inactivity and low fruit/vegetable consumption co-occurred in both males and females, while tobacco and alcohol use co-occurred more frequently in males.
There were socio-demographic differences in individual health risk behaviors as well as clusters. The observation that older age was associated with increased odds of reporting one or more health risk behavior corroborates previous findings (Brener and Collins, 1998 , Lowry et al., 1996 , Lytle et al., 1995 , Pronk et al., 2004 . However, inconsistent with previous studies (Avenevoli and Merikangas, 2003 , Hawkins et al., 1992 , Lowry et al., 1996 , greater parental education was associated with increased odds of smoking and alcohol use in males. Greater parental education may reflect adolescents with greater economic resources, which could increase access to cigarettes and alcohol. Research examining other socio-demographic differences in clusters of these health risk behaviors is lacking, precluding comparisons of the substantial racial/ethnic differences and gender-specific variations.
Resiliency factors were differentially associated with individual health risk behaviors and clusters depending on gender, suggesting that resiliency may protect against specific risk behaviors differently for male and female adolescents. Surprisingly, we found that parental support was associated with increased odds of smoking, which is not consistent with past research (Cohen et al., 1994 , Jackson et al., 1997 . Measures of supportive parenting that are explicitly about avoidance of specific health risk behaviors would likely have shown anticipated effects (He et al., 2004) .
The findings suggest that effective prevention efforts need to reach adolescents of all ethnic and socioeconomic backgrounds, but particular care should be taken to reach Latinos/Hispanics and African Americans of both genders, Asian males, and female adolescents from singleparent households because they were more likely to be in unhealthful clusters. The positive association found between older age and higher risk of being in unhealthful clusters suggests that prevention programs should target early adolescence, and should address multiple health risk behaviors in an integrated manner. Studies are needed in adolescents to assess whether interventions should address these health risk behaviors serially or concurrently. The results suggest that interventions could be family-centered, address parenting as well as role-modeling and should include a focus on depressiveness, especially in female adolescents. Interventions may also benefit from being gender-tailored because the findings showed notable gender differences in patterns of co-occurring health risk behaviors and influences of resiliency factors. Although not directly examined in this study, interventions that target communities and broader societal policies to positively impact adolescent resilience could contribute to reduce the likelihood of engagement in health risk behaviors, e.g., improvements in neighborhood quality, school environment, and family social and economic resources may be needed (Rew and Horner, 2003) .
Limitations
Because this study used existing data, the availability of variables limited its scope and the ability to include important covariates. The low response rate of the CHIS may introduce bias. However, we used post-stratification weights to adjust for differential non-response. Important limitations of cross-sectional data need to be acknowledged, including the caveat that observed associations could be bidirectional. Specifically, resiliency factors could be interpreted as consequences of health risk behaviors. Health risk behaviors, parenting and depressiveness measures were self-reported. Previous studies, however, have shown these measures to be valid (Smith et al., 1995 , Stanton et al., 1996 . Finally, the parental supervision scale had a moderately low internal consistency.
Conclusions
The results suggest that adolescent health risk behaviors tend to cluster indicating the need for interventions that address multiple health behaviors. Findings also suggest that these interventions may benefits from modifying the adolescent rsesiliency factors examined in this study. Further research is needed, however, to understand what other resiliency factors may be important, whether resiliency factors operate differently according to ethnicity, and why resiliency factors appear to operate differently based on gender. Proportion reporting each health risk behavior within each cluster of health risk behaviors (2003, California) . Note: Clusters were generated separately for males and females Note: Cluster 1 -"Lifestyle Adherents" is the base outcome category.
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